Background
==========

In recent years, with the development of imaging technologies, preoperative diagnosis of renal masses can be achieved in most cases. However, there are many overlaps with regard to the imaging findings and tissue typing is still a challenge in radiological studies. Although renal cell carcinoma is the most common primary malignant renal neoplasm and renal PNET/EES comprises only less than 1% of all adult renal tumors, it is important to diagnose PNET/EES of the kidney, which is actually a much more aggressive renal tumor of relatively younger adults \[[@b1-poljradiol-81-401]\].

Case Report
===========

A 36-year-old male patient with a history of right-sided flank pain of two weeks' duration and a palpable flank mass was referred to our institution for further investigation after sonography in an outpatient clinic which revealed a mass. Computed tomography (CT) examination of the upper and lower abdomen was obtained with a 64-slice multidetector row scanner (Aquilion 64, Toshiba Healthcare). For CT imaging, portal venous phase images were obtained from the diaphragmatic dome to the inferior margin of the pubic symphysis with intravenous iodinated contrast material (Iomeprol 350/100 mL) at a delay of 60 seconds and a rate of 4.5 mL/s, using an automatic injection pump. The slice thickness was 1 mm and the reconstruction interval was 0.5 mm.

CT examination revealed a hypervascular, heterogeneous mass with a maximal diameter of 18 cm which compressed the inferior vena cava. The lesion was hypodense compared to renal parenchyma and it contained large central areas of cystic necrosis along with widespread internal vasculature. The central solid components were moderately enhancing relative to the periphery of the tumor ([Figure 1](#f1-poljradiol-81-401){ref-type="fig"}). Metastatic lymph nodes in the retroperitoneum, including paraaortic, paracaval, interaortocaval regions have been noted. The mass showed involvement of the renal pelvis and loss of renal cortex -- medulla differentiation, along with diffuse enlargement and distortion of the organ which implied the infiltrative nature of the tumor. Also CT examination revealed that the tumor had extended beyond the retroperitoneum and invaded a small bowel segment ([Figure 1A](#f1-poljradiol-81-401){ref-type="fig"}), which was confirmed surgically. Additionally separate tumoral implants were noticed within the right perirenal tissue ([Figure 1B](#f1-poljradiol-81-401){ref-type="fig"}). Metastatic lung nodules and calvarial metastasis were noticed upon further evaluation for staging of the disease ([Figure 2](#f2-poljradiol-81-401){ref-type="fig"}).

Magnetic resonance imaging (MRI) study was performed on a 3T MR unit (Magnetom, Verio, Siemens Healthcare) using an 8-channel body coil.

On MRI, the hemorrhagic heterogeneous content of the tumor was readily appreciated on T1- weighted images, and the solid component appeared as hypointense to the striated muscle ([Figure 3A](#f3-poljradiol-81-401){ref-type="fig"}). On T2 -weighted images the mass appeared as a heterogeneous lesion with a relatively high signal intensity ([Figure 3B](#f3-poljradiol-81-401){ref-type="fig"}) and on postcontrast T1- fat suppressed images abundant feeding vessels in the perirenal fat and Gerota's fascia were seen ([Figure 3C](#f3-poljradiol-81-401){ref-type="fig"}). Also the vascular displacement of the abdominal aorta and inferior vena cava was well appreciated on coronal T2- weighted ([Figure 4A](#f4-poljradiol-81-401){ref-type="fig"}) and post-contrast T1-weighted images ([Figure 4B](#f4-poljradiol-81-401){ref-type="fig"}).

On diffusion weighted imaging with b values 0, 400, and 1000 s/mm^2^, the mass showed striking diffusion restriction with a mean ADC value of 0.64 (±0.27)×10^−3^ mm^2^/s. A similar pathologic diffusion restriction was noticed in retroperitoneal lymphadenopathy, as well as retroperitoneal tumoral implants, reflecting hypercellularity and metastatic involvement ([Figures 5](#f5-poljradiol-81-401){ref-type="fig"}, [6](#f6-poljradiol-81-401){ref-type="fig"}).

The patient underwent radical nephrectomy. Renal parenchymal, pelvicalyceal and sinusal infiltration, as well as perirenal fat and Gerota's fascia invasions were confirmed in histopathological evaluation of the surgical specimen ([Figure 7A, 7B](#f7-poljradiol-81-401){ref-type="fig"}). Microscopically, a small round blue cell tumor composed of small, monotonous, round cells with scant eosinophylic cytoplasms and fine granular chromatin that infiltrated the renal parenchyma were noticed. Areas of rosette formation were also suggestive of PNET ([Figure 7C](#f7-poljradiol-81-401){ref-type="fig"}). Immunohistochemically, the tumor showed synaptophysin, CD 99, Fli-1 positivities and 85% proliferation index with Ki-67 ([Figure 8A--8D](#f8-poljradiol-81-401){ref-type="fig"}).

On his follow-up, soon after the surgical treatment, radiotherapy and chemotherapy were started. However, the patient died within the first year after diagnosis despite aggressive treatment.

Informed consent of the next-of-kin of the patient was obtained for this article.

Discussion
==========

PNET of the kidney belongs to small round cell tumors of the kidney which include lymphoma, clear cell sarcoma, carcinoid, monophasic Wilm's tumor, synovial sarcoma, desmoplastic small round cell tumor and extraskeletal Ewing's sarcoma (EES)/PNET \[[@b2-poljradiol-81-401]\]. Due to similar morphological and genetic characteristics, PNET and EES are considered to be virtually the same entity \[[@b3-poljradiol-81-401]\]. These tumors were first described in the literature by Mor et al. \[[@b4-poljradiol-81-401]\]. Parham et al. proposed that the origin of renal PNETs may be the adrenergic fibers which invest in the kidney from the celiac plexus or embryonal neural crest cells within the kidney \[[@b1-poljradiol-81-401]\]. As in our case, it has a predilection for male gender and in contrast to the clear cell, papillary and chromophobe types of renal cell carcinomas, it occurs more in a younger population \[[@b2-poljradiol-81-401]\]. Clinically, the most common presenting symptom is pain, followed by hematuria and renal mass \[[@b5-poljradiol-81-401]\]. Local recurrences and early metastatic disease are the causes of poor prognosis. Among the sites of metastases, lungs, pleura, bones, lymph nodes and liver have been reported, together with pulmonary tumor embolism \[[@b2-poljradiol-81-401],[@b6-poljradiol-81-401]--[@b10-poljradiol-81-401]\].

Radiological features of the tumor have been documented in various case reports as highly vascularized tumors with the diameter generally higher than 10 cm, extending into the renal pelvis therefore displacing the kidney and in some cases causing tumor thrombus in the renal vein, inferior vena cava or pulmonary arteries. \[[@b2-poljradiol-81-401],[@b8-poljradiol-81-401]\]. CT characteristics were summarized as follows: solitary, large, ill-defined, irregular heterogeneous masses with invasion of the renal cortex and renal pelvis as well as perirenal fat and adjacent organs at the time of the initial diagnosis in most cases \[[@b6-poljradiol-81-401],[@b9-poljradiol-81-401],[@b11-poljradiol-81-401]\]. Lee et al. found that the enhancement of these tumors in both corticomedullary and nephrographic phases of dynamic renal CT was much lower in comparison to renal cell carcinomas \[[@b11-poljradiol-81-401]\]. Although not present in our case, fine calcification within the mass was reported in some cases at CT \[[@b12-poljradiol-81-401]\]. MRI characteristics of the tumor have been described as isointense or hypointense on T1- weighted images and heterogeneous intermediate to high signal intensity on T2- weighted images \[[@b9-poljradiol-81-401],[@b10-poljradiol-81-401],[@b13-poljradiol-81-401]\]. Although Zhang et al. had a case of renal PNET in their study on diffusion weighted imaging features of renal tumors, they did not specifically explain or exemplify this tumor's diffusion weighted imaging findings \[[@b14-poljradiol-81-401]\]. To the best of our knowledge, only limited case reports have been published on radiological features, especially MR imaging findings of this entity \[[@b10-poljradiol-81-401],[@b13-poljradiol-81-401]\]. The diffusion restriction of the tumor is suggestive of its high cellularity and malignant nature. Although this is a single case and further studies are required, compared to the ADC values of renal carcinomas at 3T, the tumor in our case had strikingly lower ADC values \[[@b15-poljradiol-81-401]\]. We believe that this is the first report which specifies the ADC value of renal PNET.

In accordance with the previously mentioned imaging findings, our case had a relatively large infiltrative renal mass which caused distortion and enlargement of the entire organ, spread beyond the renal capsule, invaded the perirenal fat with separate tumor deposits, caused local retroperitoneal lymph node and distant organ metastases to the lungs and bones at initial diagnosis or early within the course of the disease. Although radiological and clinical features may suggest PNET in a large renal mass in a relatively young patient, definitive diagnosis requires detailed pathological examination including immunohistochemical and cytogenetical analyses \[[@b6-poljradiol-81-401],[@b9-poljradiol-81-401]\].

Immunohistochemically, PNETs may express CD99, NSE, vimentin and FL-1 \[[@b7-poljradiol-81-401],[@b9-poljradiol-81-401]\]. Moreover, a unique cytogenetic alteration of a reciprocal translocation t(11;22)(q24;q12) is highly specific for PNET/ Ewing's sarcoma, as it is positive in 90% of cases \[[@b1-poljradiol-81-401],[@b2-poljradiol-81-401],[@b8-poljradiol-81-401]\].

For treatment, surgical excision, chemotherapy and radiotherapy are required. However, despite aggressive treatment, patients with metastatic disease have poor prognosis and low overall survival rates \[[@b9-poljradiol-81-401]\].

Conclusions
===========

Despite current advances in cross-sectional imaging modalities, correct tissue typing of renal cancers, which is very important in systemic treatment options and prognosis, still constitutes a major challenge for the radiologists. Renal PNET is a very rare but significant type of kidney tumor as, unlike renal cell carcinomas, it requires early systemic treatment with chemoradiotherapy in addition to wide surgical resection. Younger age of patients and larger size than usual at presentation, early local perirenal tissue invasion, vascular invasion and/ or tumor thrombi, lymph node metastases as well as early lung and bone metastases are suggestive of a renal PNET. On imaging, large infiltrative, renal masses containing cystic- hemorrhagic areas and causing severe renal distortion with striking diffusion restriction in younger patients should alert the radiologists for this tumor.

![Axial contrast-enhanced CT image (**A**) reveals a large right-sided renal mass and interaortocaval metastatic lymph nodes (arrow). Note the small bowel invasion (open arrow) which was surgically confirmed. The linear, focal enhancing structures, (arrow heads) represent the internal vasculature of the tumor. The large mass caused severe enlargement and distortion of the right kidney (**B**) with loss of differentiation of corticomedullary ultrastructure. Note the large tumoral implant (arrow in b) in the Gerota's fascia.](poljradiol-81-401-g001){#f1-poljradiol-81-401}

![The chest CT image reveals a metastatic right pulmonary nodule in the right lower lobe (arrow in **A**) and soft tissue (**B**) and bone window (**C**) images of the right parietal bone metastasis are shown in cranial CT.](poljradiol-81-401-g002){#f2-poljradiol-81-401}

![Axial T1-weighted (**A**), fat suppressed T2-weighted (**B**) and fat suppressed postcontrast T1-weighted (**C**) images of the tumor demonstrate its heterogeneous and hemorrhagic (arrow in **A**) content. Notice the paraaortic metastatic lymph nodes (arrow in **B**) and heterogeneous enhancement and the increased perirenal vasculature due to rich feeding vessels within the perirenal fat tissue (arrow in **C**).](poljradiol-81-401-g003){#f3-poljradiol-81-401}

![Coronal T2-weighted HASTE (**A**) and T1-weighted post-contrast subtraction images (**B**) showing the vascular displacement of the inferior vena cava (arrow).](poljradiol-81-401-g004){#f4-poljradiol-81-401}

![The mass shows marked diffusion restriction (**A, B**); notice a similar diffusion restriction in the metastatic retroperitoneal lymph node (arrow in **C**).](poljradiol-81-401-g005){#f5-poljradiol-81-401}

![The diffusion weighted image with b=1000 s/mm^2^ (**A**) and corresponding ADC map (**B**) of the tumor depict the significant diffusion restriction of the retroperitoneal tumoral implants (arrow) and paraaortic lymph nodes (curved arrow), as salient as the tumor itself.](poljradiol-81-401-g006){#f6-poljradiol-81-401}

![The tumor shows invasion of the renal parenchyma and perirenal fat (**A, B**). It is composed of uniform small round blue cells (**C**). Notice the occasional rosette formations (open arrows in **C**).](poljradiol-81-401-g007){#f7-poljradiol-81-401}

![Immunohistochemical analysis demonstrated CD 99 (**A**), Fli-1 (**B**) and synaptophysin (**C**) positivities. Note the ubiquitous Ki-67 expression, representing the high proliferation index (**D**).](poljradiol-81-401-g008){#f8-poljradiol-81-401}
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